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PREFACE

This test program was supervised and conducted by the US Army
Tank-Automotive Command, R&D Center, Propulsion Systems Division, under CRN
RU10013C in test cell No. 6 of Bldg. 212. The test was started on 29 Apr
82 and ran until completion on 30 Jul 82.
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1.0. INTRODUCTION

The Military Adaptation of Commercial Items (MACI) program was originated at
TACOM in 1975. The program's objectives are selection and simulated field test
evaluation of current advanced technology engines to replace or update military
engines in current vehicle programs. .Responsibility for engine testing was
given to the Propulsion Systems Division.

2.0. OBJECTIVE

The test objective is to determine full- and part-load performance charac-
teristiecs and engine durability through the standard 400-hour NATO test program
(AEP-5 dated June 1980) using high (1+0.05 percent) sulfur fuel.

3.0. CONCLUSIONS

The engine performed satisfactorily throughout the 400-hour NATO endurance test
and throughout the performance tests scheduled at 100-hour test intervals. The
engine met manufacturers listed performance values of power, torque, fuel econo-
my, and heat rejection. The 400-hour NATO endurance test was successfully
completed. The engine accumulated a total of U94 operating hours.

4.,0. RECOMMENDATIONS

Steps should be taken to determine and correct the cause of high blowby observed
during the tests.

5.0. ENGINE SPECIFICATIONS

5.1. Test Material.

5.1.1. Engine
o Serial Number: 20227520
o Code: E-U30
o Model: VTA-504-C
o0 Maximum Output (500 ft and 85°F (150m & 29°C)) - BHP (kW): 235 (175)
o Speed € Maximum Output - RPM: 3,000
o Typei Compression Ignition; 4-cycle; 90° V; 8-Cylinder
o Aspiration: Turbocharged
o Bore-in (mm) x Stroke-in. (mm): 4.625 (117) x 3.750 (95)
o Displacement - in3 (litre): 504 (8.3)
-0 Compression Ratio: 16.0:1

o Dry Weight (with Standard Accessories) - 1lb, (kg): 1,565 (T711)
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5.1.2. Lubricating 0il: Grade 30, MIL-L-2104-C
Referee Grade: 30
Imperial 0il Co.
( APPENDIX E)

5.1.3. Fuel: MIL-F-46162B (ME) (14 Aug 81)
0.95-1.05 percent Sulfur by Weight
( APPENDIX B)

5.2. Test Equipment.

Controls, equipment, and associated instrumentation of cell No. 6, Building 212,
TACOM.
e .
5.3. Test Procedure. .

5.3.1. Propulsion Systems Division Test Program: Engine Operating Limits and
Adjustments. (APPENDIX A) :

5.3.2. NATO Test Specification: Allied Engineer Publication (AEP-5 June 1980,
NATO Standard Engine Laboratory Test for Gas Turbine Engines and Diesel and’
Gasoline Engines. (APPENDIX D).

6.0. RESULTS AND DISCUSSION

6.1. Pre-endurance Test Performance Evaluation.

6.1.1. Full-load Performance. All data are presented-as observed without
corrections. The engine developed 170 observed kW (227.9 BHP) at its rated
speed of 3,000 RPM. Peak torque was 609 N-m. (449 1b-ft) at 1,800 RPM.
Performance details are presented in Figures 1 and 2 and on Table 1.

6.1.2. . Part-load Performance. The minimum observed brake specific fuel con-
sumption (BSFC) was 219.0 g/kW-hr (0.360 1b/HR-hr) at 1,800 RPM, at TO percent
load. '

6.2. Performance and Endurance Evaluation During NATO Test.

6.2.1. Full-load Performance after 100 hours. The engine developed 172.1 kW
(230.8 BHP) at 3,000 RPM. The maximum torque occurred at 1,800 RPM and was
621.0 N-m. (458 1lb-ft). Peformance details are presented in Figures 3 and 4 and
Table 2,

6.2.2. Full-load Performance after 200 hours. The engine developed 175.3 kW

(235.1 BHP) at 3,000 RPM. The maximum torque occurred at 1,800 RPM and was

630.5 N-m. (465 1b-ft). Performance details are presented in Figures 5 and 6 A
and Table 3.

6.2.3. Full-load Performance after 300 hours. The engine developed 176.2 kW
(236.3 BHP) at 3,000 RPM. The maximum torque occurred at 1,800 RPM and it was
631.9 N-m. (466.0 1b-ft). Performance details are presented in Figures 7 and 8

and Table 4.

6.2.4, Full-load Performance after 400 hours. The engine developed 174.3 kW
(233.8 BHP) at 3,000 RPM. The maximum torque value was 617.9 N-m. (455.7 1lb-ft)

12



at 1,800 RPM. Performarice details are presented in Figures 9 and 10 and Table
5. '

6.2.5. Endurance Test (400 hours). The engine successfully completed the
endurance test. It accumulated a total of 494 hours.

6.2.6 Visual and Dimensional Inspection of Major Engine Components Following
Endurance. At completion of the test, the engine was completely dissassembled,
¢cleaned and all critical parts were visually examined, dimensionally checked and
photographed. Visual inspection and measurements revealed that virtually all
components were in satisfactory condition. Description of engine components and
their condition follows (See APPENDIX F for related photographs and APPENDIX G
for dimensional inspection sheets).

o Pistons - Pistons and rings are in satisfactory condition. Rings have
no breakage and are free to move in the ring grooves. Ring grooves are still
tight. Piston skirts are clean.

o Piston Pin - No visual wear.

0 Cylinders - Satisfactory condition with light scratching and wear indi-
cated.

0 Crankshaft Main Journals - Satisfactory condition - some scratching is
evident. ‘

o Crankshaft Rod Journals - Satisfactory condition - some scratching is
evident. . ‘

0 Main and Rod Bearings - Some scratching and overlay breakthrough.
0 Cylinder Head Intake and Exhaust Valve Seats - Satisfactory condition.

o Intake and Exhaust Valve Faces - Satisfactory condition - some light
pitting is evident.

o Camshaft - lobes and bearing surfaces are in satisfactory conditon.

0 Gears - Crankshaft, Camshaft, 0il Pump Drive and Injection Pump Drive
are in good condition. -

6.2.7. Engine 0il Consumption. O0il consumption during the test was recorded by
using the method of adding o0il to the engine as required before engine start-up.
0il consumption was light. Results are shown in Table 6.

6.2.8. 0il Spectrographic Analysis. 0il samples were taken at various inter-
vals and forwarded to the Petroleum Field Office East, New Cumberland,
Pennsylvania for analysis. Report findings met NATO requirements as shown in
APPENDIX E.

6.2.9. Full-load Heat Rejection. Maximum full-load brake specific heat rejec-
tion measured 0.583 W/W (25 BTU/BHP-MIN) at rated speed of 3,000 RPM. The total
heat rejected was 101.8 kW (5,789 BTU/MIN). Full-load heat rejection charac-
teristies are shown in Figures 11 and 12.
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6.2.10. Engine Smoke Density. Exhaust smoke samples were taken and evaluated
with Bosch smoke density meter Model EFAW-68 before endurance and at each sub-
sequent 100-hour period. Smoke reading values are shown on Table 7. The NATO
test specification indicated that a smoke sample reading of U4.5. should not be
exceeded during full-load performance test. No smoke reading exceeded this
value.

6.2.11. Crankcase Pressure. The engine crankcase pressure at the start of
endurance testing was 9.8 inches of water. During the 400 hours of testing, the
pressure gradually climbed and reached a high of 17.4 inches of water at test
completion. Results are shown in Table 8.

6.2.12. Fuel Map - Data shown in Figures 13 and 14.

6.2.13. Performance data sheets required by NATO specification. Data are shown
in APPENDIX H. :
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FIGURE= 7

FULL LOAD PERFORMANCE (300 HOURS)

T~

\

/

\

\

\

J

8

N

3

S 2 B

(WN) 3n0d0OL S0

EE

L L L e B L
8 ¥ 8 8 8 NF 8

Lal el -t

(M) ¥3MOd S0

L)
"
8

(H¥1/8) SNOD 13nd 93ds sdD

2200
ENGINE SPEED (RPM)

1800




FIGURE-8
FULL LOAD PERFORMANCE (300 HOURS)
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"~ TABLE 6. 0il Consumption During Endurance Test

Engine Test Quantity o0il Cumulative
Hours Added (1b) Consumption (1b)
0 0 SUMP FULL
16 .998 .998
22.3 .798 1.79

. 30 .899 2.69
4y .798 3.49
50.5 .299 3.79
56 1.19 4,99
67.5 599 5.59
T4 .198 5.79
80.5 1.19 6.99
9l .599 7.59
100 0 7.59
117.5 1.09 8.68
124 1.19 9.88
145.5 1.29 11.18
174 1.80 12.98
193 1.99 14,98
200 0 14,98
216 1.09 16.08
223 1.19 17.28
236 1.19 18.48
257 2.79 21.28
277.5 1.79 23.08
290.5 .998 24,07
300 0 24.07
317 1.49 25.57
327.5 .998 26.57
339.5 .998 27.57
350.5 1. T4 29.32
374 1.49 30.82
386 1.89 32.72
397.5 1.19 33.92
400 0 33.92
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RPM

1,400
1,600
1,800
1,900
2,000
2,200
2,400
2,600
2,800
3,000

RPM

1,400
1,600
1,800
1,900
2,000
2,200
2,400
2,600
2,800
3,000

RPM

1,400
1,600
1,800
1,900
2,000
2,200
2,400
2,600
2,800
3,000

RPM

1,400
1,600
1,800
1,900
2,000
2,200
2,400

.TABLE 7. Bosch Smoke Readings
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TABLE 7. (CONT'D) Bosch Smoke Readings

2,600 0.05

2,800 : 0.05

3,000 0.05
34



TABLE 8. Crankcase Pressure During Endurance

(Inches of Water)

ENDURANCE ’ 3,000 RPM FULL-LOAD ~ 1,800 RPM FULL-LOAD
HOURS
H.P. CRANKCASE PRES. H.P. CRANKCASE PRES.

10 226 9.8 153 3.8
20 228 10.0 153 4.0
30 228 10.6 154 4.0
40 232 11.6 155 4.3
50 228 10.7 155 45
60 231 13.5 156 5.3
70 232 13.6 156 5.0
80 231 14.0 157 5.4
90 230 - 13.8 157 5.4
100 231 14.5 157 5.7
110 232 15.6 157 5.8
120 232 15.8 156 6.4
130 232 15.4 156 5.8
140 233 14.5 157 5.9
150 234 15.5 157 6.3
160 234 15.5 158 5.4
170 234 16 158 5.9
180 234 15.8 157 6.5
190 234 15.9 157 6.1
200 235 17.9 159 6.1
210 234 17.3 158 6.1
220 234 17.9 157 6.6
230 233 17.3 157 5.8

240 233 16.8 158 6.8
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ENDURANCE

HOURS

250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400

NOTE:

TABLE 8. (CONT'D) Crankcase Pressure During Endurance

H.P.

233

235
232
235
236
234
234
233

235

234
233
235
233
232
234

(Inches of Water)

3,000 RPM FULL-LOAD

CRANKCASE PRES.

17
17

17.8
17.5
16

16.1
17.3
16.4
16.5
17.2
17.2
16.3
16.4
17.4
17

17.4

1,800 RPM FULL-LOAD

CRANKCASE PRES.
5.8

6.6
6.1
6.2
5.8
6.2
5.5
6.3
6.1
5.4
5.4
5.9
6.0
6.2
6.4
6.0

Crankcase pressure fluctuated and was read through a .302 inch diameter escape
orifice using a water manometer.
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APPENDIX A ~ TEST PROGRAM




PROPULSION SYSTEMS DiVISION

Test Program E-430 Diesel Enéine
(Cell 6)

TITLE: MACI Evaluation of the Code E-430 Engine
PURPOSE:

To determine the military adaptability and performance characteristies of Code
E-430 Commercial Diesel Engine. . )

QUTLINE OF TESTS:

1./ Prepare Code E-430 engine for performance and endurance tests.
2./ Install instrumentation.

3./ Calibration of instrumentation and equipment.

4./.Engine operating limits, adjustments and instrumentation checkout.
5./ Engine instrumentation and full-load operational checkout.

6./ Full-load performance.

7./ Part-load performance.

8./ Full-load heat rejection. (At completion of durability test.)
9./ Four-hundred-hour NATO endurance test.

10./ Disassembly and visual inspection of engine.

11./ Evaluation of results and final report.

TEST MATERIAL:

1./ Engine Code E-430 © 235 HP @ 3000 RPM, 450 1lb-ft @ 2200 RPM
Governed speed

Type v i
Number of cylinders 8 |

Bore and stroke, =-in. 4,625 and 3.75 .
Displacement - cu-in 50U - 4

Method of operation

Compression ratio 16.0:1



2./ Lubricating oil - Referee, grade 30, conforming to Military Specification
MIL-L-2104C. (Imperial 0il Company)

Fuel - Federal Specification MIL-F-46162B (high sulfur)

TEST EQUIPMENT:

Test Cell No. 6, dynamometer, controls, associated instrumentation and equip-
ment, Bldg. 212. *

TEST PROCEDURES:

1./ Prepare engine for performance tests.

a./ Obtain dry weight of engine and record. Install engine in test cell and
make connections to dynamometer. . Make necessary fuel, exhaust, and intake air
connections. Install cooling tower and fuel throttle and shut-down connections.
Make provisions for taking smoke readings and measuring air flow.

b./ Install all required thermocouples, péessure lines, speed and load cell
connections. Install warning light, shutdown system for critical temperature,
pressure and RPM limits on engine and dynamometer equipment.

c./ Cooling tower will utilize a sight glass in the lower pipe (engine
inlet) filled with water and antifreeze. A 10-15 PSI pressure cap will be used
and shop air, through a regulator, will supply approximately 7 PSI pressure to
the cooling system. :

d./ During heat rejection tests, an engine thermostat (180°) will be used.
The cooling tower will be adjusted to maintain 205°F :2° engine out temperature.
(Do not let oil temp exceed limits).

e./ Engine blowby and/or crankcase will be closely monitored during full
power performance run to check proper engine operation. In addition, engine oil
temperature and pressure will be closely monitored.

2./ Instrumentation - Install instrumentation to obtain and record data at each
specified speed.

a./ Temperature, F ' Range in °F Accuracy in OF
(1) Air, cell ambient 60-120 +2
(2) Air cleaner, inlet | 60-120 x2
(3) Air cleaner, outlet 60-120 +2
(4) Air, Entrance to Air Meter. 60-120 +2
(5) Air, Turbo Outlet 120-500 + 2
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Temperature, F Range in °F Accuracy in OF
(6) Exhaust, After Turbo 200-~1500 +10
(7) Exhaust, Ports (8) 200=~1500 #10
(8) 0il sump 60~300 2
(9) Fuel, Before Secondary Filter 60~120 +2
(10) Coolant, Engine Inlet ** 120250 +2
(11) Coolant, Engine Outlet #*  120~250 +
(12) Cooling Water, Tower Inlet *  35~100 -
(13) Cooling Water, Tower Outlet * 35~250 -
(14) Engine 0il Gallery 60=300 +2
(15) Instrumention Bath 200 +1
(16) Fuel Spill | 60=160 +2

¢ Indicates Quartz Temperature Probes in addition to regular thermocourle
* Indicates Quartz Temperature Probes

be/ Pressures, Gause - Range ccura
(1) Air, Test Cell In. H20 0to =1 . +1
(2) Air, After Air Cleaner(In. Hs0)O to =25 +1
(3) Air, Across Air Meter Entrance O to =20 +1
(In. HY0)
(L) Air at Air Meter Center 0 to =0 . 4001
(5) Air at Turbo Entrance (In. H20)O to =30. +1
(6) Air, Crankcase (In. Ho0) 0 to +10 Hl
(7) Exhaust Outlet Tn. HoO 0 to 60 4
(8) Fuel Supply (At Secondary 0 to 10 o5
Filter) PSI
(9) Fuel Rail PSI 0 to 280 42
(10) mlg%z;e Oil Gallery (Manifold) O to +100 +2
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egsures, Gauge Range ccuracy

(11) Coolant Pump Outlet PSI O to 450 42
(12) Coolant Pump Inlet PSI 0 to 25 1
c./ Miscellaneous

(1) Engine speed, (RPY) 0 = 4000 +10 RPM
(2) Dynamometer load, (ft=1b) 600 +1%
(3) Fuel flow (1b/hr) 0 = 125 +1%
(L) Blowby (CFM) 0 =10 o2
(5) Air Flow | - -

de/ Soecial Instruction Considerations

(1) Dymec data acquisition system to be used for data gathering.
(2) Quartz Ther mometers to be used for heat rejection test.
(3)  Ioad .ce]l to be used for measuring torgue.
(L) Digital Cox fuel weigh system to be used for measuring fuel.
(5) Cooling water weigh system 0-250, 1bs. -
(6) Smoke density, Bosch system.

, (7) Blowby  meter for neasuring eﬁgine blowby.
(8) Meriam air flow meter.
(9) Temperature reference bath (Maintain at 200° F).

3./ Calibration of instrumentation znd equipment.

A1l instrumentation and equipment will be calibrated prior to start of
test and at ranges specified in the previous paragraph 2.

b/ Engine operating limits and adjustments.

as/ Observe the following engine operating limits and test conditions
for performance and endurance tests.

(1) 0il Gallery Temperature ! 250° F warning, 260 F manual return to
idle and contact test engineers
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(2) 0il pressure at idle: 15 PSI warning, 10 PSI shutdown. 0il
' pressure at normal operations: 40 to 75 PSI above 1000 RFY,
30 PSI warning, 25 PSI shutdown.
(3) Air cell ambient as close as possible to 77°F.
(L) Coolant outlet temperature 205 + 5°F, warning 210°F, manual
return to idle at 215°F. Cooling system will be pressurized
to 7 PSI. :

{5) Fuel temperature before pump: 85°F + 5°F,
(6) Exhaust outlet pressure at rated conditions: 16 in. Ho0 % 3.

(7) Crankcase pressure maximums 5 ine HpO. Blowby maximum 6 CFM.
(8) Nominal fuel flow 90 1b/hr at 3000 RPM.
(9) Exhaust port outlet temperature 1300°F maximume

be/ Maintain and record the following adjustments at completion of each
100 hour interval of endurance test.

(1) 1Idle speed 650 RPM

(2) Governed speed 3400 RPM

(3) No load épeed

Speeds will be verified after break in.

5./ Engine Run-In and Instrurentation Checkout.

a./ Engine will te run to check leaks, instrumentation, recording and
printout systems. The following temperatures and pressures will be maine
taineds

(1) Ambient air (maintain as close as possible to 77°F)

(2) Inlet air (maintain as close as possible at 77°F)

(3) Air pressure at engine inlet at rated conditions, =5 :]:pn. Ho0,
(4) Exhaust pressure outlet at rated conditions, 16 + 3 in. Hzo;
(5) Coolant outlet temperaﬁure ' 205°F & 5°F.

(6) Fuel temperature before pump 85°F + 5°F,




be/ Full-load operational check will be conducted according to the
following schedules During break=in monitor blowby in CFM and/or pressure.
Do not continue test if blow=by exceeds allowed mzximume For each break=in
period take complete data and record on log sheet. All conditions as above.

BREAK~-TN SCHEDULE

TIME IN MINUTES SNGINE_SPEED RPM TORQUE IB—FT H.P.
20 ' 650 (Idle) 5 0
20 | 1200 16 (10.6)
20 1400 | ok (23)
20 1600 99 (30)
20 | 1800 117 (LL0)
20 1900 - 138 (_50)
20 2000 158 (_60)
20 2200 | | 215 (_20)
" 20 21,00 263 (120)
20 | 2600 | 325 (260)
15 2800 375 (200)
10 3000 - 420 + Full Rack {210)
10 2600 ' 323 (140)
10 1900 ' 155 + Full Rack (120)
10 1200 | 16 (10.6)
10 . 650 0 0




¢/ Check governor for fulleand no-load speeds and notify test engineer
prior to making adjustments.

6./ Performence Test (Nominal 235 BHP)

Conduct performance tests with full rack, under the conditions listed in
paragraph L. Record all data listed under instrumentation for engine speeds
- of 1400 RF to 3000 RPi in 200 RPM decrements with a reading also at pesk
torque = 1900 RPM. At each setting the engine should be run for a sufficient
time for stabilization. Parteload per-orﬁanve will be conducted following this
performance test and at completion of durability test. IHeat rejection test
will be conducted at compietion of the durability test.

7./ Parteload Performance Test (Ioms 5 BUP)

Conduct part load perforﬂadce tests at 25, 70, 60, 50, 40, 25 and 15 per—
cent loads using speeds from 1400 EF! to 300C RPM in 200 increments (also 1900
RPM). Paragranh 7#5 conditions wlll be maintained during runs. Perform an
idle fuel consumption test run with complete printout at the end of part load
performance tests.

8./ Heat Rejection Tesis (Psrform at Completion of Durabilitw Test)

Determine heat rejection at full load, 205° + 297, engine coo;art out
temperature at the followingz speedss 3000 RPH to 1400 RPH in 400 RFi decre-
ments. Remaining conditions as snec¢f1ed in paragraph #i. (Engine operating
limits and adjustments.)e

9./ Four Hundred (400) Hour MATO Endurence Test

a./ The LOO hour NATC endurance test will be divided into four periods
of 100 hours each. 3Zach 10C-hour veriod is to consist ¢f ten (i0)-hour periods
as shown in test schedule A. (ilew HATC cycle).




TEST SCHEDULE A

Period Perecent Rated Sveed * Percent load : TimeAHours
1 . Idle ( 650 RPM) 0 3
2 100 (3000 RPM) 100
3 Governed Speed 0 %
I 75 (2250 RPM) ) 100 1
5 Idle &> 100 04100

L min. 6 min. 2

6 60 (1800 RPM) 100 +

7 Idle . 0 4

8 Governed Speed L 70 3

9 Max. Torque Speed 100 2
, (1900 RFM)

10 60 (1800 RPM) : 50 *

" TOTAL DURATION 15

Conduct LOO-hour NATO endurance test according to Test Schedule A. Values
of speeds and torque to be provided by test engineer following completion of
performance test.

be/ During LOO-hour endurance test, the following pressures and tempera-
tures will be regulated to the values as indicated.

(1) Pressures

a./ Air pressure after the air cleaner shall be =5 + 1 ine Hp0
at rated conditions.

b./ Exhaust outléet pressure at rated conditions through speed
range 16 + 3 inches Hy0, restriction held at other speeds.

(2) Temperatures
a./ Mmbient air as close as possible to 77°F
be/ Tnlet air as close as possible to 77°F
c./ Coolaht outlet temperature 205°F{i 50F

de/ Fuel before diaphragn pump 85°F + 5°F
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c./ Take eighteounce 0il sample before starting endurance and every 100
hours thereafter, take two ounces oil sample at 25-hour intervals. (Purge oil
sample line and tzke sample from oil gallery with engine idling. Replace the
removed sample oil with same amount and type new one.

d./ Check engine oil level and appearance at completion of every shift
and before engine is started for a new day of tests.

e./ Data will be recorded during the last five minutes of each of the
ten periods listed in Test Schedule A; and just before stopping engine.

f./ The following maintenance and adjugiments to engine will be conducted
after each 100-hour test period and before power check: ) -

(1) Change oil

(2) Replace oil and fuel filters

(3) Record oil added (less sample) to bring to reguired level

(L) Maintain adjustments as indicated on pages A<5 and A-6.

(5) Inspect engine for leaks, breaks, noise, vibration, etc.

g./ The 100-hour power check tests shall be cdnducted under temperature

and pressure conditions listed. Record 211 data listed under "Instrumentaticn
for engine speeds from 1100 RF to 3000 RP! in 200-RF)] decrements, up and down

and at idle speed and 1900 RFM., At each setting, the engine should be run for
a sufficient time for stabilization. In addition, smoke density samples will

be taken at each speed settinge.
10./ Obtain photographs of engine test set up.

Disassembly and Inspection of Zngine. Record bresking torques -« and
photograph perts if required during disassembly.

11./ BEvaluation of Results and Report.,
a. Consolidate and evaluatée data.
be Prepare report.
ce Obtzin photographs of engine wear surfaces.

JOB _ASSIGNMENTS:

1. DRSTA-TB will be responsible for'gathering data, maintaining a
daily log book and test data log, cdirecting personnel and general
execution of test.

2. DRSTA-RGES will be responsible for day to day technical decisions,
monitoring test, evaluation of data and preparing a report.
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3« Any changes in the above test program shall be mutually agreed upon
by DRSTA-~TB and DRSTA-RGES and confirmed by a supplement to this

basic test program. Zach supplement will be evaluated for potentlal
cost and for schedule revisions,

Written By:

.Roy Jlo/ s Rimpela
Project/Test Engineér

" Reviewed and Approved By:

Gene G. Engel
Cy MACI and Special Projects
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Properties
Density, kg/L at 15°C
Gravity, °API
Distillation, °F (°C)
Initial boiling point
10% recovered
50% recovered
90% recovered
952-recovered'
. End point, max
Sulfur, wt?
Accelerated stability,

total insolubles, mg/100 mi

Cetane number

Cetane index

Kinematic viscesity at
40°C, cSt

Cloud point, °C

Particulate contaminétion,
mg/L (0.8um filter)
Volume f£iltered, L

.

ANALYSES OF REFEREE GRADE DIESEL FUEL

(MIL-F-46162B) SAMPLES

Requirements

Report
NR (1)

- Repert
Report
473-545 (245~285)
626-675 (330-~357)
662-707 (350~375)
725 (385) max
0.95-1.05

1,5 max
40-45
40-45

1.9~4,.1

~13 max

10 max
1

(1) NR = No requirement
(2) -- = Not measured

B-2

v ’ .
#6 Tank

AL-12077-F

0.8655

31,9

380 (193)
446 (230)
514 (268)
616 (324)
646 (341)
678 (359)
1.05

1.4
54 .
L2
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"CHAPTER 1
PURPOSE AND APPLICABILITY

SECTION 1-1. LURPOSE

The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the 1aborator1es

. of othe: NATO countries on the basis of tl’ns method

" The method.described below is mdependent of exxstxnv nauonal
test methods, which may be used for supplementary testing.

When an engine has met the requirements of the tests under the
present code, its power rating should be indicated as follows: "Power

rating. . .Kw (. . .metric HP) at. . .RPM, in accordance with NATO code
AEP 5. Edition June 1980.9%

P

SECTION 1-2 &PPLchBILer

,

These test conditicns apply to all service vehicle (combat and
transport) propulsion gas turbine engines with free power turbines.

NOTE : Sl units will be used,

 CHAPTER 2
, ‘ TEST REQUIREMENTS

v

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1. Engine reception.
Runniné-in in acccrdance with manufacturer's instructions.
Performance test, complete (full and part loads).
Endurance test.
. _Peffcrmance test, complete (full and part loads).
Disassembly, inspectibn and measurement. oo
Repor.t. ‘

NOTES : (1) Engine measurements may be carried cut before running-in.

(2) The manufacturer is respensible for defining the runnine-
in programme and the engine should have been run-in before
it is submitted for testing.
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(3) In so far as possible, the manufacturer's drawings and
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) 1t is normal practice for the engine to be given a prelimi-
nary perfcrmance test immediately after recexpt, to check .
acceptability.

(5) The initial, if a_ccomplished. and final inspection of the
engine should be carried out by the same inspection team
using the same gauges.

2.1.2. .Durinq performance and durability testing, the following varia-
: . bles will be monitored .

a - Main values
" Speed
Torque

b - Ambient conditions
Temperature of ambient air
Atmospheric pressure
Humidity

¢ - Air and gases '
Inlet air temperature ' -
Inlet depression
Inlet air flow (performarnce test only)
Exhaust temperature
Exhaust back pressure
Gas tempetatures at points m‘luencmq fuel control (1f re-
quired)

d - Lubrication and cooling’
Oil temperatures and pressures
Temperatures into and out of external cecolers
Flow rates of fluids to cooling devices external to the engire
(for heat rejection calculazions)
Oil consumption (during endurance tests only)

(engine outﬁﬁt shaft)

e - Fuel .
" Fuel temperature
Fuel consumption

f - Miscellaneous
Smoke density
Other parameters which influence fuel control
Vibration

x

2.1.3. Regulated parameters ' .

Inlet Air Depression * at rated power :
25 + 2,5 mbar

Exhaust Back Pressure at rated power :
' 20 * 2,5 mbar

Fuel Temperature at Fuel Pump Inlet :
J0°C+3C

Inlet Air Temperature :
See Section 111

* Deptessmn differential between static atmosphenc: air pres—
sure and the total pressure at the point of measurement.
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2.1.4.

2.1.5.

TEST CONDITIONS

Measuring is to be done in normal and stable operatmg condi-

tions.

The temperature of the air entering the enqine (ambient air)

is to be measured at a maximum distance of 0,15 m from the

air filter inlet or, if-there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermocouple must be protected.
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions

to give a representative inlet temperature.

Once an cutput speed has been selected for measurement purpo-
ses, its value must not vary by more than + 1 % or # 10 r.p.m.
(wh1chever of these limits is the higher) during measurement.

The reaqus for brake load, fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded
béing the average of two stabilized results, obtained in succes-
sion with brake load and fuel consumptlon differing bv less

than 2 %.

When a device fitted with an automatic starting system is used .
for measuring speed and fuel consumption, the duration of mea-
if the measuring device

is manually operated, the duration must be at least 60 seconds.

surement raust be at least 30 seconds

The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm from the flange (s) of the

.exhaust manifold (s).

Lubricant temperature is to be measured at the inlet and outlet
of the heat exchanger if there is one. Otherwise it must be take:
preferably in the lubrication system. The measuring point wili

be specified in the test report.

Fuel temperature must be read at the fuel pump inlet.

MEASUR EM ENT ACCURACY
- TORQUE

Auxiliary power take-offs may be loaded and measured if desirc:

" The torque must be accurate w1thm + 0,5 % of the hmhest

value recorded.

- OUTPUT SPEED

Measurement must be accurate to within + 0,5 %. :

- FUEL CONSUMPTION

4+ 1% for all apparatus used.




- TEMPERATURES
Intake air + 1°C.

- PRESSURE

Atmospheric pressure + 0, 7 mbar
Alr and gas pressure + 50 mbar
Induction and exhaust pressure and depression + 0, 250 mbar
Pressure of other fluids + 250 mbar .

'SECTION 2-2 - DEFINITION OF ENGINE

Engines will be equipped only with such auxiliary equipment
as is strictly essential to their operation (see table of auxiliary equip-
ment at Annex A). ,

SECTION: 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be nlotted from
measurements taken at a minimum of five speed settings, one of these
settings being the rated speed.

For each setting, the engine should be run for a sufficient time
to allow the operating parameters tc stabilize.

Part-load data is to be recorded at the same pre-selected speeds
as was used for the full-load test. The part leads for each speed peint
are to be calculated at least for 85 %, 70 %, 50 % and 25 % of the full
load at the given speed.

During this test, the smoke emission as measured on the Robert
BOSCH Scale shall not exceed &5, :

No correction factor will be applied and the test results must
include air temperature and atmospheric pressure.

The inlet temperature shall te maintained as close as possible
to 25°C.

SECTION 2-4 - ENDURANCE TEST | . s .

2.4.1. The endurance test duration is 400 hours, divided iato four
periods of 100 hours each. At the completion of each period,
the engine shall be submitted to a full-load performance check.

During the endurance test, the inlet temperature will be keot
as near as pessible to 25° C or, when this is not practical,
prevailing ambient,
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2.4.2.

2."'3.

2.‘.4.
2.4.5.
2.4.6.

2.4.7.

2-1-8-

Normal maintenance and adjustment will be permissible after
each 100 hour test period.

Engine oil and filters may be chanqed after each 100 hour
period. .

The four 100 hour périods which make-up the endurance test
are to be carried out with the fuel and lubncant defmed in
Chapter 3.

-~
oo

Each 100 hour period .is to comprise ten 10 hour cycles. Each
10 hour cycle will be cartled out in accordance with_the pro—
gramme (section 2. 5)

Data will be recorded during the last five minutes of each of
the sub-cvcles included in the basic 10-hour cycle, with the
exception of sub-cycles 3, 4, 7, 8, 10, 11.

-

No interruptions are permitted during anv of the sub-cycles,
but the engine may be switched off.on completion of any sub-
cycle,

One-hundred percent power (load) will be governed by maximum
fuel control setting, not adjusted to published maximum power.

- .
.
. *
o, ‘e
°
- -
L 4 .
‘
. ..
. L
- - [
Le
- - .
- .- .
i A -
# 5
-
-
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SECTION 2-5 - PROGRAMME OF 10 HOUR CYCLE

Rated Speed %

(1)

At least 5 times during each 100 hour pericd, the enqme will be shut

dewn for a minimum of 8 hours.

Manufacturer's published idle or as specified by vehicle installation.

D-8

) Périod Rated Load % Duration'(houts)

1 Idle (1) ldle (1) 0,5
2 100 100 1
3-. 35& m 1£$n 100 1 -
4 Stop 0,25

: 5 | 70 100 1

6 xdié ldle 0,5
. ;dﬁn.—__; ‘;g? ldle e———s 100 2
8- Stop 0,25

9 100 100 1
10 Stop N 0,25
1 ;d;emo—-——; 51!?: ldle e———s 100 2
_12' ldle d1e ‘0,25

: ‘Tdtal 10




ANNEX

-7 DETAILS OF PRODUCTION AUXILIARY EQUIPMENT

l>n1et System

Air Filter System -

Inlet Silencer

Optional

Exhaust System

Piping
Silencer
Exhaust Pipes

~

Test Bench Equipment

. Fuel Feed Pump

Optional

Fuel Injection Equipment

Prefilter
Filter

.

Yes, or test bench equipment

.z

Electrical Equipment

If necessary

L
/ e
. O

e




ANNEX B .

INFORMATION TO BE INCLUDED

IN TEST REPORT

‘=

A complete report covering all the tests, servicing, maintenance,

rectification of faults and the condition of the engine at the strip exami-
nation including the measurements of the principal wearing parts wiil
be compiled.

1.

2.
.
4.
5.

9.
10,

The report will alsc include the folldwinq :

A statement of thé build standard of the engine, with drawings
and a paris list. -

Photographs of the emzi‘ne from four different views.
Photogfaphs of the test installation at least four different views.
A list of equipment fitted to the engine.

Sample test sheets and a summary with a list of faults and the
remedial action taken.

An engine condition repcrt at end of test with photograohs of
the condition of major parts such as combustion chamber, com-
pressor wheels and diffusers, turbine wheels and nozzies, re-
duction gear with any other components of interest.

A history chart of lubricating ml used during the endurance
tests. ,

Analysis of new and used lubricating cil, the latter to be taken
at approximately 100 hours intervals,

- - . .

Fuel analysis.

Any other relevant data.
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CHAPTER 1
PURPOSE AND APPLICABILITY

SECTION 1-1 - PURPOSE

The purpose of this document is to define a test method and
standard conditions to enable all NATO countries to conduct tests using
an identical method or to analyse the tests conducted in the laboratories
of other NATO countries on the basis of this method.

The method described below is independent of existing naticnal ,
test metheds, which may be used for supplementary testing. - T

When an engine has met the requirements of the tests under the
present code, its power rating should be indicated as follows : "Power
rating .... Kw (... metric HP) at .... r.p.m., in accordance with NATO
code AEP 5. Edition June 1980".

SECTION 1-2 - APPLICABILITY

These test conditicns apply to all service vehicle (combat and
transpert) propulsion Diesel and gasoline engines.

NOTE : SI units will be used.

CHAPTER 2 -
TEST REQUIREMENTS

SECTION 2-1 - GENERAL COMPOSITION AND ORDER OF TEST

2.1.1. Engine reception.
Running-in in accordance with manufacturer’s instructions.
Performance test, complete (full and part loads).
Endurance test. _
Performance test, complete (full and part loads).
Disassembly, inspection and measurement.
Report. :

NOTES : (1) Engine measurements may be carried cut before running-in.

- {2) The manufacturer is responsible fcr defining the running-
in programme and the engine should have been run«in before
it is submitted feor testing. T
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{3) In so far as possible, the manufacturer's drawings and-
technical data will be supplied with the engine, to assist
inspection and measurement of components.

(4) 1t is normal practice for the engine to be given a prelimi-
nary performance test immediately after receipt, to check
acceptability.

(5) The initial, if accomplished, and final inspection of the
© engine should be carried out by the same mspection team
using the same gauges.

>

2.1.2. During performance and durability testing, the following varia- .
bles will be menitored : .

& - Main values"
Speed

Torque (engine output shaft)

b - Ambient cenditions
Temperature of ambient air
Atmospheric pressure
Humidity

e - Air and gases
Inlet air temperature
Induction or cylinder inle: deptesswn
Inlet air flow (performance test only)
Air temperature and pressure in the inlet manifold
Exhaust temperature
Exhaust back-pressure
Gas temperatures at points influencing fuel control (if re-
quired)

d - Lubrication and cocling -
Oil temperatures and pressures
Temperatures into and out of external coolers
, Flow rates of fluids to cooling devices external to the engine
, (for heat rejection calculations)
o Oil consumption (during endurance tests only)

e = Fuel
Fuel temperature
Fuel consumption

f - Miscellaneous
Blow-by
Smoke density

2.1.3.  Regulated parameters

Outlet liquid coolant temperatures : ' .
96°C + 3°C .
Induction depression at rated power : - R

- 255 |.mbar

Exhaust back pressure at rated power :
40 mbar + 5

Fuel temperature at injection pump inlet :
30°C + 3°C
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2.1.4.

2.1.5.

TEST CONDITIONS

Measuring is to be done in normal and stable operating condi- )
tions. ‘

The temperature of the air entering the engine (ambient air)
is to be measured at a maximum distance of 0,15 m frcm the
air filter inlet or, if there is no filter, 0,15 m from the air
inlet nozzle. The thermometer or thermccouple must be protected
against heat radiation and be located directly in the air jet.
Testing must be carried out in an adequate number of positions
to give a representative inlet temperature.

Once an output speed has been selected for measurement. purpo-
ses, its value must not vary by mere than + 1 % or + 10 r.p.m.
(whichever of these limits is the higher) during measurement. .

The readings for brake load, fuel consumption and inlet air
temperature are to be taken simultaneously, the value recorded

-being the average of two stabilized results, obtained in succes-

sion with brake load and fuel consumption differing by less
than 2 %.

When a device fitted with an automatic starting system is used
for measuring speed and consumption, the duration of measure=-
ment must be at least 30 seconds ; if the measuring.device is
manually operated, the duration must be at least 60 seconds.

The exhaust gas outlet temperature must be measured at a point
downstream and less than 100 mm frem the flange (s} of the
exhaust manifold {s).

Lubricant temperature is to be measured at the inlet and outlet
of the heat exchanger if there is one. Otherwise it must be take
preferably in the lubrication system, or, failing this, in the
erank case. The measuring point will be specified in the test
report.

Fuel temperature must be read. at the injection pump iniet, or
carburettor inlet. :

Cooling condition for air cooled engine will be in accordance
with manufacturers specification. :

Auxiliary po&er take-offs may be loaded and mesured if desired

MEASUREMENT ACCURACY

- TORQUE

The torque must be accurate within + 0,5 % of the ‘highest
value to be measured.

- OUTPUT SPEED

Measurement must be accurare to within + 0,5 %.

- FUEL CONSUMPTION
4+ 1 % for.all apparatus used.
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- TEMPERATURES
Intake air + 1°C.

- PRESSURE .

Atmospheric pressure + 0.7 mbar : -~

Air and gas pressure = 50 mbar =
Induction and exhaust préssure and depression + 0,250 mbar
Pressure of other fluids + 250 mbar g

SECTION 2-2 -~ DEFINITION OF ENGINE

Engines will be equipped only with such aux111a'y equipment
as is strictly essential to their operation (see table of auxiliary equxp-»
ment at Annex A).

SECTION 2-3 - PERFORMANCE TEST

The performance test maximum load curve will be plottad from
measurements taken at a minimum of five speed settings, the fifth setting
being the rated speed.

For each setting, the engine should be run for a suificient time
to allow the operating parameters to statilize.

Part-load data is to be recorded at the same pr-—se’ected speed
as was used for the full-lcad test. The part loads for each speed point
are to be calculated at least for 85 % % 70 %, 50 % and 25 % of the full
load at the given speed. ,

During this test, the smoke emission as measured on the Robert
BOSCH Scale (or equivalent) shall not exceed &.5.

No correction factor will be applied and the test results must
include air temperature and atmcspheric pressure.

The inlet air temperature shall be maintained as clcse as possi=
ble to 25°C.

SECTION 2-4 -~ ENDURANCE Tc.ST

2.4.1. The endu ance test duranon is 400 hours, divided into four
periods of 100 hours each. At the completion of each period,
the engine shail be suomx.ted to a full-load performance check.

D-16



2.4.2.

2.4.3.

2.4.4.

2.4.5;

2.‘0 60

2.4.7.

2.4.8.

2.4.9.

Normal maintenance and adjustment will be permissible after
each 100 hour test period. .

Engine oil and filters shall be changed after each 100 hour
period. .-

The coolant outlet temperature is to be held at 96°C +3Cer
a higher temperature if proposed by the manufacturer. The

. coolant is to be water plus antifraeze in egal volume.

The engine oil temperature is to be measured in the lubrication
system. The temperature measurement location shall be specified.

The four 100 hour pericds which make up the endurance test
are to be carried out with the reference fuel defined in Chap-
ter 3. ‘ .

Each 100 hour period is to comprise ten 10 hour cycles. Each
10 hour cycle will be carried cut in accordance with the pro-
gramme (secticn 2-5).

Data will be recorded during the last five minutes of each of
the sub-cycles included in the basic 10 hours cycle, with the

exception of sub-cycle 5.

"No interruptions are permitted during any of the sub-cycles,

but the engine may be switched off on completion of any sub=-
cycle.




SECTION = 2-5

PRCGGRAMME OF 1C EQUR CYCLE

(1)

Sub Cycle % Rated Speed % Load (3) | Duration in hours
1 IDLE o 3
2 100 100 2
3 governed sp»'eed (1) 0 ‘ t
4 | 75 100 1
5 IDLE ——— 100 | 0¢—100 R

o 4 MIN 6 MIN
6 60 100 - $
7 IDLE 0 '
8 gaverﬁed speed (2) 70 (3) 3
9 Max torque speed 100 ’2
10 60 50 (3) 1
Total 10

The speed shall be that attained with the engine at full

throttle and with minimum load (residual brake load).

(2)

throttle and 70 % load.

(3)

formance

Part loads (70 aad SO

test.

The speed shall be the ste’dy speed of the engme at full

) shall be taken from the initial per-

d
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CHAPTER 3~ E ;
FUELS AND LUBRICANTS AND ANTIFREEZES

301 Engines are to be tested on Reference Fuels and Lubricants
and antifreezes as specified by the relevant NATO Authority.

CHAPTER 4

DEFINITION OF TEST FAILURE

401 A major failure is a failure of any part or component of the
*  engine assemoly that leads to a final stoppage of the test or
that brings about as loss of power which cannot be rectified

to give at least 95 % of rated power,

Any major failure will lead to termination of the test and any
retest must start at 0 hour.

" Major failures and corrective action are to be reported to the
proper National Authority.

402 A minor failure is a defsct which leads to a loss of power or
degradation ol the operaticn of the engine and which it is possi-
ble to remedy within the scope of normal maintenance and ad-

_ Justment. If 95 % of the rated power cannot be cbtained after
normal maintenance then the test will be terminated, The minor
failures and the measures taken to overcome them inust be in-
cluded in the report.

- 403 The suitability of an engine for NATO AEPS Approval is to be
the responsibility of the National Authorities after completicn
of the 400 hours test and consideration of the final conduion
of the engine.

* : D-20 R -
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DETAILS OF PRODUCTION' AUXILIARY EQUIPMENT

(To be included as applicable)

Inlet system Ce .
Inlet manifold secscescssseascosronne
Ait filter .‘.....C..................

) Inlet silencer 0.....;...............
‘Blowby gas recirculation intake ...

Yes -

Optionaj

Exhaust system
Manifold ..‘............................
Pipinvg tresecesssscascscessescasacaas
Silencer ..'...........................

EXhauSt pipes [IENENNEE NN E NN RN RN RN NN

' Yes

Test bench equipment

F“Cl [eCd pump o.oo.'elo..o...o‘.o.tloolt.'o

Yes

Carburettor s oescsesnesescsseossssovenvevbed

Yes (deiai)s of ad-

justment will ye gpecified)

. Ignition systam
DIStribuUtor .eccscorscesccsraccncsasces
SPArk-plugs cecevecoecsrsscscescesssan
Coils cvecesoncccceraresccccnacecacacnas

supptessot 2000000 000OPIECERNOPNSIBTROOISIROIROIOSTS

Yes
Yes
Yes
Yes

Fuel injection equipment )
Ptefilter‘--..lO....-.l‘l“...l....... }

Filter 0000000000000 000s8000000s000vs e

Pump Seescssssnsessssesnvssotensssase e
High—ptessute pipes esssccsesscssscnas

lniector PO OO P DS LEOOOLDIOBDOEPELDAAsAa - .

Yes or tost banch
equipmey

Yes
Yes D-21-
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Liquid cc;oling equipment
Radiator aonoeo.ou.-oooooe.-uoo.v.ao..}

Fan 9000830339203 0600080600330000000D00G0COOD @

- Ne

-

water pump [ NN ENNNENNEXERNNNYNNYNNX NN Yes
Thermostat e P00 DO000P09000093000000 Yes
Air cooling equipment “’

) streamlining (AN KRN R ENEEENER NN NS S NN NN

Blwer 080000085000 03350900006090000000009

Temperature regulating device ccccocee

Yes
Yes

Yes ‘

Electrical equipment .ccsessesccsssesscsscssss

_ 1f necessary

Supercharging equipment.

Compressor driven directly or
indirectly by the engine and/or
exhaust gas QoOID.ODOOQOOOIDBOOODOQ.DOG

Charge cooler cccsesccsvssosssssscacco
Cooling pump or fan ...eeesvcessccsse
" (engine driven)

' Device for regulating fiow of
coolinq nuid QBOO.OOODOOOOOOOOOOOAOOOOO

Yes
Yes
Yes

Yes
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ANNEX B

INFORMATION TO BE INCLUDED

IN TEST REPORT

)

A complete report covering all the tests, servicing, maintznance,

rectification of faults and the condition of the engine at the strip exami-
nation including the measurements of the principal wearing parts will

1.

2.

3.

4

S.

"6.

7.

3.‘_'. i

8.

9.

-10.

. at app;cximately 100 hours intervals.

- Any other relevant data.

be compiled.

The report will _al'so include the following :

A statement of the build standard of the enqme, with drawings
and a parts list.

Phctographs of the engine from four different views.

Photographs of the test installation at least four different views.
A list of equipment fitted to the engine.

Sample test sheets and a summary thh a list of faults and the
remedial action taken.

Fudll load performance data will be show in the format indica-
ted. !

An engine condition report at end of test with photographs of

" the condition of major parts such as pistons, bearings, valves,
. camshafts, crankshafts, cyandet bores toqether wtth any cther

components of in terest.

A history chart of .ubticating oil used during the endurance
tests.

Analysis of new and used lubricating oil, the latter to be taken

Fuel analysis.




ENGINE  Type.

Place date:

N°. .
“FULL _CHARGE PERFORMANCES . ’
INITIAL O FINAL O Reference:
FUEL : OIL type: BRAKE type:
Volume mass: wne  grade:..
ampl-l | 4
Em [-1] nber
E " rpm 1
S N {maaN -
R
2 9 hy
X
E pae bae
FSIM!: g/kw.h
IFUEL] ac  Pmi,
L) ®9.’h
™ og
oL
L] Bar
»Al re o
T
E 1s | oot
n oo« [—
PO -pt | mbar
] "
B EAE
% !AZF dar
‘ LR A B
p2- 07! mbar
'.! *
: g p} tar
H
A ts |o°¢C
1]
S
1 pb-pdf mbar
’Smm Beseh
BLOW =« BY fer'/en




3

]

s engine -speed
3

H

IEFINITION OF SHORTS

ambient temperature
ambient pressure

engine torque
output power

. pme/'bmep: brake mean effective pressure
. Cs/bsfc s specific  fuel consumption

s volume of fuel par injection

s mass fuel flow per hour

s oil temperature

s 0il pressure

s coolant .temperature into engine

g coolant temperature out of engine

o ¢l ) a.'..r temperature after
£ilter (or compressor inlet)

e 30 = pt ¢ inlet depression

o R s compressor diacharge tempera~
‘ tare )

« P2 t compressor disclere pressure

. 2t sair temperature after charge
cooler .

«' D2 «p2's pressure of across charge

: cooler .

« t3 t exhaust gaz temperature
(tuxbine inlet)

. D3 t exhaust gaz pressure
(turbine inlet)

o« t4 t turbine discharge temperature

p4 - p0 ¢ Exhaust tack pressure

;11 ' t7 ~ |
12 2o NN T
! _
'3 J /) J 1
t4 p3
pe] :
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APPENDIX E

LUBE OIL SPECTROGRAPHIC ANALYSIS

E-1




. KEYPUNCH
OIL ANALYSIS REQUEST " copE
_TO IBETVUNECH ¥A%LD oFFICE Easr STSGP-PE |
. F | MAIOR COMMAND TACOM s
g OPERATING ACTIVITY (Inciude ZIP Code/APJ) DNIDAAD s-10
M | DRSTA-RGES VINCENT NESTICO .
WARREN, MI 48090 AV: 786-8537

EQUIPMENT MODEL/APL CUMMINS VT-504~C Diesel Engd!

EQUIPMENT SER. NO.

20227520

TND ITEN '-‘.ODE[L,’H!{LL NO.

-
4Rt 28 _/;Z?Z-j//‘-/-; o L

END ITEM SZR. NOJEIC v
INCL AN/

LOCAL TIME 5AMPLE

DATE SAMPLE TAKEN (Luy. Ma, ¥r: 21-2¢
ol TN T @ 77 | TAKEN
J HOURSIMILES SINCE OVERHAUL 25-29
2 400 _Hour NATQ TEST
HOURS/MILES SINCE O!L CHANGE — . , 30-33
L Ty Ao S
REASON FOR SAMPLE Lap rEST OTHER 34
N mouTinr M agauEsy {Yerrn O ispecrfy)
“DDED SINCE LAST SAMPLE (P13, Jts, Gals) 35.36
KEN .
ITEM
\
\ ICTIONED
K
O LAB REQUEST {J AIR OR GROUND CREW
vewer TAKEN SAMPLE TEMPERATURE TYPE OIL 37-38

0 orain 57 vuee 3 wov 00 cowo Mol =)k

i

samples will be taken every 25 hours.
change at every endurance

REMARKS U1 1 sample spectrogirapnic analysis 1s required
for NATO 400 llour Test. Specification standards and
Complete oil
205/ 7

FOR LAB USK ONLY /

LAB RECOMMENDATION

.

SAMPLE RESPONSE TIME 39-40
FE #1-43JAG 44-46) AL 4743]CR S0-521CU $53.35 | MG 86-33 NI 8381
. Id
1 28 1 © 2 i
PB 82-64 ISt 6567} SN ed.70lTY 71.72 (MO 74.78
. 7179

SIGNATUHRE [ 4 FILE MAINT

suam.:li 4 5 m

DATA SEQ
80

DD ; iOV97 2026 PREVIOUS EDITICN WILL BE USED
. “ / ' -

- - - . - e e e —_

Y
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feeemmmttomn b e R - P e e e g

Y,

A% i rek e el

Soom ki

a

»
Lo

g KEYPUNCH
. QlL ANALYSIS REQUEST CODE

et

B TIVP DA GIR e o T A G STt AT Mt RSN me. RS G SIS AT SR SRETIAMS £ ¢ ST e xS o =

TO 1P O YLD OFFICE East STSGP-PE | '?

) F MAJOR COMMAND TACOM 4
S CPERATING ACTIVITY (Include ZIF Lode/APO) DODAAD 510
m | DRSTA-RGES VINCENT NESTICO

WARREN, MI 48090  AV: 786-8537

EQUIPMENT MODEL/APL CUMMINS VT-504-C Diesel Eng'''4

EQUIPMENT SER. NO. 20227520 15-20

END ITEM MCDEL/HULL NG,

END ITEM SER, NO.JEIC

DATE SAMPLE TAKEN (Luy, Mo, ¥r) LOCAL TIME SAMPLE 2114
TANEN
MOURS/MILES SINCF DVERMAUL ) 23.29
400 Hour NATQ TEAT
HOURS/MILES SINCE OIL CHANGE g 33
, SO /fto2s e-3
REAS™"" “nt SAMPLE Lae ey oTHER 36
[ ) meauest O ere 0 rsperfy)
T LAST SAMPLE (P15, Qus, Gals) 3.36
3 =
; s
1
i .
J S s
6 NED o
Uy =]
hoh . - __& 2
[J LAB REQUEST [ AIR OR GAOUNG CREW--
HOW TAKEN SANMPLE TEMPERATURE Ty P(:Uﬂ. e 37.38 .
C) onaiN B tust & wor O cour N H i ik (3 t

for NATO 400 Hour Test. Specification standards and
samples will be taken every 25 hours. Complete oil
change at every endurance

remanks Ull sample spectrographls analysis 15 requircd |

FOR LAB USIEE ONLY

SAMPLE NESPONSE TIME J;z(?f/g 3940

FE A41.431AG 4446 AL 47-4%]CR 3032 {CU $2.33 | MG 3633 Nt 8.8t

FXx 1 c C_ l/2 \ /<) .39 <

‘4PB 82-64 | St 6367 SN €3.70] 71 7173 {MO Y4-7¢

/7 1 7 1lc 1o | c.

LAB RECOMMENDATION . 77-78
. Eid
e —————
sxnuﬂﬁ.4 3 SIGNATURE FILE MAINT DATA $EQ
; 1) 1

0D, J0v"%7 2026  PREVIOUS EDITIONWILL BE USED

-
Y

P S A

E-3 . S

g

—— - -
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" © OIL ANALYSIS REQUEST DA
TO PPN ¥YELD oFFIcr mase STSGP-PE | '3
" g | ™aioR commanD TACOM .
I
ls) OPE " A TING ACTIVITY (Jaclude ZIP Coge/Al’(uDODAAD ‘5.0
m | DRSTA-RGES VINGENT NESTICO
WARREN, MI 48090 AV: 786-8537

EQUIPMENT MODEL/AFPL CUMMINS VT-SC’L.-’C Diesel Ené 11-18

HOW FOUND o —
O LAB REQUEST (] 4!R OR GROUNDGREW F—-

HOW TAKEN SAMFLE TEMPERATURE TYPE OIL 3738 .
LY -SOL B uay 0O couo ) efe @l b /

for NATO 400 Hour Test., Specification standards and
samples will be taken every 25 hours. Complete oil

change 2t every endurance 070 /50
FOR LAB USE ONLY
SAMPLE RESPONSE TIME 3940
FE 41-833aG s4asf AL 474%|cr S5C-S2{tU 5328 { MG 5658 Nt 5981

S6_| ¥¥ o

PB 82.64 § S1 5567 (1 SN §8.70] T) 71.7) 1 MO 74-78

/¥ 5§ | o o O.

EQUIPMENT SER. NO. 20227520 15-20
END ITEM MODEL/HULL NO. ?
END ITEM SER. NO./EIC 7
7
DATE SAMPLE TAKEN (Lwy, Mo, Yr: ;OCQL TIME SAMPLE 21-24
AKEN
HOURS/MILES SINCF OVERHAUL 25.29
400 Hour FATO T5aT .
HOU A E /M ES-SHNCE-O - GHANGE ) f;ﬁ 10-33
nE—— A
REASON FOR SAMPLE L ap TESY or .
) mouTrin: 5 arcuesy Jer.L Qe ™
OIL ADDED SINCE LAST SAMPLE (Prs, Ors, Gals) b
3
* L
ACTION TAKEN W Q
. SEE—
OISCREFANT ITEM ®
AR
HOW MALFUNCTIONED .
l - A
[

(REmMARKS U1l Somple Specirographi~ analysis 15 required)

LAB RECOMMENDATION . 7778
SAMP SIGNATURE FILE MAINT DATA SEQ
. . k4 J [ 2] .
[e'd

) T,
DD | i8V'77 2026 PREVIOUS EDITICN WILL BE USED M«%

"_‘ -~ ?E/"J’y

R, — prn T ———

oAt el it

~or o-w
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SAMPLE RESPONSE TIME ) ) 2940
rE _ara3lac esac] aL er4sicn so-s2f{cu siss | mc se.5e NI 5961
bt‘) < Jn L7
se, #2-c4 ] 51 935-67 ] SN e8vo] TV 7173 fMO 67a ). -
1 L i '~ U
R L >2 |I° 2
LAZ RECOMMENDATICN . L 7\ S
ass
SAMPLE NO. SIGNATUAL FiLE wmrr DATA 3EQ
7" 1 80
FORM
DD, Nov 77 2026 PREYIOUS EDITION WILL BE usso
I e e e e - - e
L r
-
- ¢

-

. OIL ANALYSIS REQUEST

KEYPUNCH
CODE

To P BMALVEAr L A

EORT ORD QL. LAB__AFZW-DI-NT

MAIOR COIMANS TACOM

Tnns
‘4' A 2 1 -4

GPERATING ACTIVITY (include ZIP Code/APQ) DODAAD

DRSTA-RGES YINCENT NESTICO
WARREN, MI 48090 AV: 786-8537

Zonm

s-10

EQUIPMENT MODEL/APL CLIMMING VT-504-~C Diesel End

11-14

({18 IPMENT SER. NO. 20227520

15-20

END ITEM MODEL/HULL NO.

.
» R J s ‘ PR . P .
END ITEM SER NO./EM: 339 Hi2S Erii PENPES

DATE SAMPLE TAKEN (Loy, Mo, ¥r: | LOCAL TIME “25"'-5 21-24
e MVINES, fraker (M5
uounsmuu:' SINCF OVERKHAUL ¢ 25-29
400 Hour NATO TEST
HOURS/MILES SINCE L CHANGE 30-33
REASON FOR SAMPLE (a9 TEST oTHER 3
Ll mouTime 0 mrauesT Deere O OdOFReafy?
GIL AUDDED SINCE LAST SAMPLE /s, Ots, Gal)? 33.38
oo S o
ACTION TAKEERO CESSED UL 93/
DiSCRELANT ITE
»
nowmauunﬁtss. ‘ ” ‘ S - IQ‘ iRiv;'&L
HOWN FOUND .
O LAB REGQUEST . O £12 GR GROUND CREW
HOW TAKEN SAMPLE TEMPERATURE TYPE OiL 37-38
T} canmn Ky vunc P o C coun pu--2iods ) !

change at every endurance -

remarxs 01l sample specirigraphlt analysis is regquired
for NATO 400 Hour Test. Specification standards and
samples will be talien every 25 hours. Complete 0il

FOR iAB USE ONLY
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OIL ANALYSIS REQUEST "E‘gf,‘g;""
To M AMA) VENE ' A B 1-3
FORT CRD_OIL_LAB  AFZW-DI-MT
" jmmooncommant TACCM 4 5 o C
4 vial
3 OPERATING ACTIVITY (Include ZIP Code/APO) DADAAD  [salo~ &
M DRSTA-RGES VINCENT NESTICO
VARREN, MI 48090 AV: 786-8537
EGUIPMENT MODEL/APL CIMMINS VT-504-C Diesel Eng '
EQUIPMENT SER. NO. 20227520 X ‘ 15-20
END ITEM MODEL/HULL NO.
END ITEM SER. NO./JEIC
Y LOCAL TIME SAMPLE .
DATE?f?'LETAXENEgci Mn., Yr) TAncw‘/gﬁ)cf§' 21-24
MOURS/MILES SINCE OVERMAUL 23-2¢
400 Hour NATO TEST
HOURS & € ?O O 30-33
REASCN FOR SAMPLE (ag . rest oTHER 38
C] mourine 1 mrQuesy O core 0 tspecefy)
GIL ADDED SINCE LAST SAMPLE (Prs, Qts, Gals) 3s.28
Iln:? 5 -
ACTION TAKEN Vi - . A g‘gt
AL OO e VA
DISCREIF AN r' bo‘_u Q Jv
_.9_—'———-————“
HOW MALF 9 R p
| EE?{ H \ NQRL{KAL
HOW FOUN S - et
[ LAB REQUEST 0 AR OR GROUND CREW
HOW TAKEN SAMPLE TEMPENATURE TYPE QL. 37-38 .
) onain Tuer { oY D tois ML/ -3 IN - 7

samples will be taken every 25 hours.
change at every endurance

nemanws U] sam{)ie spectregraphin analysu:. Ts requirey,
for NATO 400 Hour Test. Specification standards and
Complete o0il

FOR LAB USE ONLY

k4

SAMPLE RESPONSE TIME 3940

FE @1-431AGC 4346 AL 4743 I CR 350-32(1CU 353.35 | MG 48-58 N 39-43
PB §2-64 [ S! E3-67 | SN 68.70| TV 71.23 MO Ye-7¢

LAB RECOMMENDATION 77-78

. SAMPLE NO SIGNATURE FILE MAINT DATA SEQ

OD ; nOvV 77 2026 PREVIOUS EDITION WILL BE USED
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.

-



LI

-£3,

PRI TRRY

e as Lt n Bl G SPEreee cafreen W BSAT S o

L g A S PN £ 1

. — gL 8

KEYPUNCH

OPERATING ACTIVITY (Incinde vzn’ Code/APQ) DIDAAD

DRSTA-RGES INCENT NESTICO

OIL ANALYSIS REQUEST CODE
TO lFORT ©RD oit LAB  AFZw-DI- 3
‘ F AAIOR COMMAND TACOM 4
R
a 510
MM

VARREN, MI 48090 786~-8537

1484

EQGUIPMENT MODEL/APL CUMMINS VT~504-C Diesel Eng

11-14

EQUIPMENT SER.NO. 54500550 15-20
END ITEM MODEL/HULL NO.
END ITEM SER. NO.JEIC
DATE SAMPLE TAKE_N Ly, Ma, ¥r) LOCAL TIME SAMPLE 21-24
’*5 )‘U a m T TAKER /Onn ‘
HOURS/MILES SINCF OVERHAUL 2529
400 Hour FATO TEST
HOURS/MILES SINCE OIL CHANGE 30-33
REASCON FOR SAMPLE (ag YesY orvEa 34
Ci mouviwr ) mequesy O eric [ topectfy)
3338

OLL ADDED SINCE LAST SAMPLE (P13, Qts, Gals) |/? dﬁ
-

ACTION TAKEN

=50 Tk folé.s

DISCRESANY ITEM = e
_____nmgggggiD.,.j‘*a L
HOW MALFUNCTIONEDY

198¢

0 S ‘§Al: OR 5%3:’%

HOW FOUND -
HOW TAKEN SameLE TEMPEAATURE TYPE QIL 374' .
) omain M rTuse D wor 0 cowe P - Y

REMARKS ULl Sample SpPecLropraphic analysis 1S required
for NATO 400 Hour Test. Specification standards and
samples will be taken every 25 hours. Complete oil

change at every endurance

FOR LAB USE ONLY

.
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SAMPLE RZSPONSE TIME 3940
FE 331-43JAG aa4as] AL ava%ica 30-32|CU 3385 I MG 88-58 Nt 59-81%
PB €264 J St 6367 | SN 65.70} T! TF1.73 [ MO 74.76
LAS RECOMMENDATION ) M 7178
SAMIPLE NO. SIGNATURE FILE MAINT CATA 5£Q
kid [ 1]
FORM
DD 4 5%%7 20286 PREVIOUS EDITION WILL BE USED
- - o - T i s
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OlL ANALYSIS REQUEST

KEYPUNCH
COLE

TO P IYEE Y% Lb oFFIcr EaST STSGP-PE

1-3

MAIOR COMMAND TACOM

4

c»\-.nAnNG ACTIVITY (Include ZIP Code/APO) LVIDAAD

DRSTA-RGES VINCENT WESTICO
\RREN MI 43090  AV: 786-8537

[I0D®M

$-10

EQUIPMENT MODEL/APL CUMMINS VI-504-C Diesel Eng

ti-14

EQUIPMENT SER, NO. 20227520

15-20

END ITEM MODEL/HULL ND.

END ITEM SER. NO.JEIC

DATE SAMPLE TAKEN ([uy, Mn, ¥7) LOCAL TIME SAMPLE
& N2 \/ p& - TAXEN

MOURS/AULES SINCFE OVERMAUL
4000 Houpr MATO TEST

It )U 7:? TLES SINCE QIL CHANGE

i

GTMER
3 pearfy)

™~

REASON FOt SEMMLE ( an TERSTY
o -

) mourim ) mequesy Ll cev

SINCE LAST SAMPLE (prs, Qs Gals)

CP\)

274 Loprs
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APPENDIX H

NATO REQUIRED DATA SHEETS
FULL LOADS AT 100-HOUR INTERVALS
PART LOADS AT ENDURANCE COMPLETION

H-1




U

S maema

ENU‘NE Type: cummins 504 N |Place date: '
5r [=Soktfalol VI N Wl
"RUEL : OIL type: BRAKE type:
Volume mass: ageead} . grade: . Full Load .at -0 Hours
e | 112146 22.2 22.3 1] 22.4 22.3 || 22.45 |
| ent .
00 |mowr |96 2 || 996.2 |} 996.2 |} 996.2 || 996.2 || 996.2 1
o {rem | 17400 1800. || 1900 |{ 2200 2600 || 3000
F .
‘g | " e }1576.3 |1 608.8 || 602 577.6 || 538.3 || 541 .
Bloe |« |led.s 114.9 |} 119.8 |1 132.9 || 146.5 || 169.1
-.? see | o |18.76 || 9.27 1] 9.16 |{8.78 || 8.2 [|8.2
sananen| 12329 || 224.5 |]. 222 220.8 || 225 226.3
UL ec Porad 1693 || 70.67 || 68.98 |] 65.67 || 62.4 ||62.8 |
e v ]119.68 || 25.8 26.58 {] 29.3 32.9 |} 38.22
m | e |[104 109.9 |{ 110.8 |[112.4 [ 115.4 |[118.9
Ton .
on | war | |2.87 3.42 3.59 ||4.03 || 4.4 4.5
W1 e | o . ] . ' *,
&1 85.6 || 86.8 87.12 1187.8 |1 838.34 1| 88.1 H
E ] 1™ |193.87 H 94.22 {1 94.4 1] 94.3 94.35 || 94.33 |
n |« {123.9 || 24.3 || 24.4 |j24.3 || 24.2 || 24.3 " H
il il | K7 .03 || 1.92 {]1.92 ] 1.99 {l2.01" |
E 1" o7 a2z 11653 1728 |1 83.8 1[.103.0
T2 |].218 .360 .390 "] .486 .609.5]| .809
1 laggy |162.7 |]-65.3 |[72.8 |} 83.8 |]103.0
pl-pY| mdar _;_ ——_—— - ——— ——— ————
» |« |/544.4 || 562.25{| 553.9 || 535.5 || 545.1 || 527.4
5 o | || 089 || 176 199 || .285 425 || .644
.§ et Haz1.3 |1 480.8 |1 475.5 || 471.8 1] 450.3 || 447.8
T fseevojanr || 241 5.43 ||.4.1 ||8.5 14.4 |123.0
ls‘.*' Bosch e ‘ e e — —e See
BOW-BY prsantlq32 o | 1427 || 153 171.4 || 194.6 ||-252.8

-
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>

FULL_ CHARL.E PEREORHANCE

" |Pace dére:

3
310

T O Finisr Reference:
CRUEL : OlL type: BRAKE tfype:
Volume mass: ' -.,m’ﬂ . grade:.. | Full Load ‘at 100 Hours ,
el © | < |[22.3 || 2825 |[ 23.55 |[23.7 |[25.3 |[24.0
BN [ o Toon [ :
o [esn || 1400 '18_00 1900 || 2200 |[ 2600 }{ 3000
‘§ " e || 589.9 |} 621 617 {560 || 550 || 550
R ™. llse.2 || 117 || 122.6[130 |} 157 || 172.1
t.‘ sme | o {18.9 9.44 1| 9.38 {85 4| 8.4 |]8.33
o rnrds | 1226 218 218 - |[217.8 [ 220 |[219.6 |[
fUEL | oc Pkl (687 |]69.6 || 69.3 || 63.2 || 62.7 fl62.1 | .
" " y149.5 . || 25.4 26.7 |1'28.2" |{ 33.1 |{37.8
Lo Ll 11105.3 [} 110.04)] 111.2 ] 112.6 || 116.2{] 119.2
on [ |10 83 1 3.35 || 3.47 |{3.96 || 4.3 |{4.4
K [ 1le7.a |[87.2 |[87.9 |[s8.6 |[ 8.5 |[e8.5 || |
] 1 [losg {los.7 || o5.6 o5.5 ] 05.5 || 9o5.5 '
w < |[26.0 |[2a.8 |[ 282 {248 [ 254 | 24.8 |
"'“‘” i35 la.35 i 5.0 |l6.2 10.4 |} 13.7°
Wl i lsie7 |l ea.0- 1] 67.8 {1741 || 90.6 || 108.46
Edoe o )l 205 4] 373 || .a18- || 400 || .663 || .867
't tls1.87 || 64.9 I1-67.8 || 74.1 || 90.6 || 108.46
Dprl’ L1t e e —— e —_ ——
BEERAIEY 555 ° || 5517 || 518 517 |[527.5
E Dl ilre 108 f| 205 1] 307 .478 || .707
§ e 1"¢ {|a77.8 || 480.9 || 480.5]) 460.5 || 450.8 || 445.1
TF feeessfanw || gos 1 702 {1.7.96 | 11.8 1] 22.1 |[37.4
sesee [sesen || . - — - -—- -—
|Bow-BY °"’”". 225 257 1| 267 || 284 372 || 505
N V'H-'3




O

ENGINE Type : Cummins 5%-:__;__‘!‘;:,-. ace date:
"”FHUJL_LDCHARGE FERTORMANCES Refarence .
"FUEL : OiL type BRAKE type:
Volume mass: -.,miﬂ. grade Full Load -at-200 Hours
el 0 ] ] 25.4 1] 25.2 {]25.2 25.03 ||25.03 || 24.5
il B 1999,2 || 999.2 Logo 2 [|989.2 |{999.2 || 999.2 | 1
s {ren 1171400 1800- {{1900. . || 2200 {{2600 3000
‘§., W fmon | 504 - 630.5 |1619.7 || 574.9 {|572.2 || 565.9
Bls | {1132.5 || 118.95/{123.2 || 131.7 ||186.2 || 175.3
‘g pme | oar 191 9.5 9.4 8.7 8.7 |} 8.52
| ksl oo 1 || 215 ||21a 214 |214.7 |l 221.4
'kvfk oc Phael | 69:4 || 69.8 " |]68.2 62.9 |]63.5 63.7 |]...
e e l97 || 255 {l26.3- || 2s.1 {1335 || 38.8
Lo LLoe {[ 1085 (00.2 {[110.1 [ 111.9 |[11a.7 [ 118
ou | o |12 87 3.6 |[[3.8 4.23 |{4.5 4.5

re

86

87.9 88.1 89.1

89.1

—;] 89.1 | |

1

om->E]

°t

94.4

95.5 95.4 }195.8

95.4

95.7

(2]

25.4

25.4 |125.3 25.1

25

[24.5 |

20 - o1

adar

2.82

12

*C

52.4

3.92 11425 || 5.38

7.44

9.66

65.8 - |168.45 1] 74.8

9t.5

109.1

Lol [t Lo

bar

231

378 413 A94

682

880

"?

i ¢

52.4

65.8 68.45 74.8

91.5

109.1

p2op?

sty

°C

540.6

557.9 }1549.5 520.6

521.

7 1] 529.8

Car

121

210 233 318

.383

610

L

°C

475

484 480 463

454

447

9400

Lalls =% 2= (]

- dav

7.37 7.5 11.2

22

'39.5

8LOW - BY

jom”/ mn

159.1

442

623

265.3 {1277 {298

~ea : H~y




ML

ENG‘NE Type Cummins 50'1_1 N°: . |Place dafe:
W;{%L 'CPARGE‘F%QGF?A, «CES Reference
"FUEL : OIL type: BRAKE type:
Volume mass: ' .,/a.’i grade:.. . Full Load at 300 Hours -
] L 11318 32 |B2.2 32.9 |33.2 |]33.8
ENT | oo e || 1001 111001 11001 1001 {{1001 || 1001--
E » feom 111200 ||1800 - |1900- {2200 {2600 3000
§ m fme )1 606.1 {1631.9 |1632.8 {{569.5 |}569.6 |{|560.03 : L
Bl |« |]89.6 ||118.5 |}123.9 ||131.2 [}1586.1 |{176.2 ||
i’ eme for 1193 - 1lo.6 {5 8.7 |7 {l9.5
Koo | 1 2221 11218.4 |R17.2 |[216.5 |]15.9 |[212.9
{FUEL e rohedd L 704 {17000 |bz0.1 le3.8° |39 {l61.5 |
en [rorf119.9 1]25.9 27 28.5 |[33.7 37.5
m | |1104 1110 112 114 117 121
ton ‘ .
sn {-wr V1304 |13.70 {|3.72 |la.20 ‘|l.47 4.51
g [ | |[e7.3 lsou |lss.0 lles.o [ho 8.8 |- |
Elm 1 lio5.3 il96.4 95.9 1957 ’95.8 1195.7 '
n w317 }i32.0 1]32.32 |j32.7. {B3.4 1[33.2 N
| po-pryaur il 3 95 _5‘.'17 6.06 [|7.50 10.39 |113.8 -
"f' 12 | < 1158.9° |{72.8 . ||76.4 82.4 99.6 118
E 52 | oar P ) . .
h I B .289  11.371 410 475 .657 .846
nwlee llsg9 |72.8 76.4 [82.4 || 99.6 ||118
p2-p¥| mbar e _—— v —— —_—— ———— ——
n | 1560 576 570 {539 542 ||553
S o e f| q7n o9 || 202 1|.3a1 || .518 |].738
g re fec 11488 497 496 . ||480 475 470
T peelew |) 36 {1337 |l4.04 1|7.30 []18.9 |[33.2.
leaio Boseh ——— ——_—— _——— —— _——— ———
BLOW-BY fesent| 115 198 209 215  [l283 |la14

~H-5




. ENGINE Type: Cummins 5_9{1:_-__N°:.._ " |Pace date:
A FULL_CHARGE PERZORFANCES Refarence.
- "RJEL: OlL type: | BRAKE type:
Volume mass: Cwwd . grade: ‘ Full Load ‘at 400 Hours .
- gl 0] ¢ 25,1 25.5 {]25.7 26.2 {{25.9 || 26.7
o T e o ]

* jrem 111400 1800 1900 || 2200 2600 3000

‘B [ » lmew ||698.9 |} 562.6||557.3 || 567.4 |{573.6 || 554.7.
3 oo f e 11126.2 -]} 129.6 |]140 154.4 11168.2 || 174.4
¢ [one [ 130 |10 {[107 [[H02 |[5.2 |[ea
ks matdsann| 1212.9 | 212.9 '212.3 211.7 }]209.3 |} 206.8
- el Pl 94.4 |175.6 ||77.6 |}73.3 ||66.7 |}59.2

am x| 126.8 27.6 29.7 32.7 [|35:2 36.0

m | ec |]111.2 112 113.1 114.7 |1117.6 119.3

OiL
pr | e ]13.99 4.32 4..53 4.60 4.56 4.57

re | o {[89.5 89.9 {]90.3 .90 189.8 90 - | |

om-> ¥

1|t 1lg6.7 96.5 {l196.5 |l96.5 1l96.5 96.7

n |« |25.2 }|25.6 |[26.7 |[26.11 ][26.0 1[26.5 |
2051 | atar | g oF 7.1 118.30 9.67 {l11.26 |112.60°

12 4 ¢ 1169.8 - || 74.1 - {[81.04 {{90.8 |l101.3 |]109.9
#2 ) sac | 433 472 550 .651 770 850

b il - L

v’ e 1169.8 74-.1 81.04 90.8 101.3 109.9

p2-pY}| mdar ——— - ——

0} 1535 516 513 521 530 532

B3 | e 11,263 312 383 480 599 701

ve | e 11270 457 451.5 ||451 452 .1 448.2

)
]
]
]
®
SN P IHmM

sesojewr | 11130 {114.45 |lo.7 ||25.7 |B2.7 [a0.a.

'Scdo wesed oo , ——— - _——— i___ —_—

v oclalow-BY kesan {213 218 P51 -11283.2 |B76 447




ENGINE
~ PERFORMANCES
1  Part Load at 1400 RPM |
.85 L. 70 60 50 80 | 75 15
S i 26.9 || 26.9 |l27.6 |[28.0 |[27.8 |{--- 27.9 |
ENT | ‘
[ o tme ] 1004.3 {1 1004.31} 1004.3 1] 1004.3/| 1004.3}{--- 1004.3
g o |ron 1400 || 1400 |{1400 || 1400 || 1400 }!--- 1400
£ s
s 519.5 1| 423.6 1{358.1 |} 302.4 |} 230.7 ||--- 71.2
Bie |w 76.2 1fe62.1 {{s2.5 || 44.3 {|33.8 []|--- 10.5
& ome o || 7.9 6.4 |l5.5 4.6 |13.5 ||--- 11
'km«j\m‘n | 215.9 {| 216.6 {{241.0 || 224.6 {j 274.0 |]--- || 416.8
e e 69.3 ||56.6 ||53.3 || a1.8 ||39.3 |}--- 18.6
L am e 16.4 13.4 {112.6 9.9 9.3. {l|--- 4.4
w | e 107.9 |[106.7 }{104.3 |[102.9 ][ 101.3 |[--- 98.1
1oL 4
: o | wor 3.0 3.1 |]3.3 3.4 |13.5 |]--- 3.8.
Wil 106 [f{90.4 {{90.9 }|91.7 |f2.2 ||--- 91.5
é g | 97.5 {[96.2 !{95.9 j|96.1 {{96.0 {]--- 94 .2
RER 26.9 || 26.9 |l27.6 I[28.0 278 }f--- 27.9
oo | 3.8 3.7 |37 3.7 113.6. 1|--- 3.6 °
}'& T |« 1 '
E Qo |oe .37 28 |}.23 RN IR .03
L2 —e —— —_ —_—— —_ — ——
LI nta ! l.._- ——— - -— -—— —— ———
n | 489.4 || 422.8 |)376.8 || 342.2 |} 296.1 ||--- 180.0
s il .19 Ry T | IRV | IR I | .09
§' te]ce 428.7 1 381.5 |1345.1 |l 313.1 {{272.1 }|--- 170.9
T |os-00] avar 2.5 2.5 1.7 1.6 1.3 - .21
ls-&. Boscn ‘ ——— ——_— —— ——— ——— _—— ——
BLOW - BY 'jor'smn i —e e — —— o —_—e

H-7




ENGINE

- - m——

Part Load at 1600 RPM
.8 |70 60 50 40 75 15
' 1
] 1 ! 26.6 1 27.1 |l26.4 |[26.8 |[26.4 || 26.9 |!26.9 |
BT a0 Lane {1 1004.31] 1004.3]| 1004.3]| 1004.3| 1004.3}| 1004.3! 1004.3

g | ron 1600 1600 {{ 1600 1600 |} 1600 1600 1] 1600
SR 534.8 || 439.5 |1379.1 {] 313.4 {}255.5 || 163.7 || 76.9
R
Bl 39.5 73.6 1]63.5 52.5 |[42.8 27.2_}i12.5

8 {om [ 8.1 6.7 |[5.8 {]4.8 ~|[3% {[24 |12
e rsrloen 211.0 1{211.8 |[214.2 ][ 205.9 |[227.0 || 311.6 }|372.5

JFUEL | ac P™dc 69.9 |}57.7 |}50.3 || 39.9 {}35.9 {|31.4 {j17.4
am | o 118.9 [115.6 [113.6 |j10.8 |]9.7- i85 il4.7

MEE 111.0 1] 109.3 t{107.2 || 105.2 |[103.6 |[101.6 ||99.9

‘joiL 4 ,

S e e 3.4 3.5 ||3.7 3.8 ll4.0 4.1 }14.3
R 1j90.1 {{o0.a {fs0.9 [e1.8 ]To2.0 [[o2.2 |[o2.4
E oy 197.3  {{96.3 }lo6.1 9.2 [195.9 }l95.5 ||95,1

n |« il26.6 {{27.1 |l26.4 |[26.8 |{26.4 |[26.9 |[26.9

205t | mtar 4. 4.3 ||4.2 4.1 4.1 4.0 |{4.1 -
L B )
?. t2 « Y [ - —— —— -——— -—— ———
Elor |on 49 .36 .29 .23 A7 A1 .06

L7 2 !i____ ——— ——— —_——— _—— ——— ———

p2-p7] mdar i—-— —-—— - -——— ——— - ~—

o |« 502.8 |{441.9 {[400.0 [[359.4 |{320.0 |[257.5 ||196.7
AR 26 23 ||.21 9 a7 ST IRE
§ N 444.3 11396.0 |{362.7 {}326,2 {|293.1 ||237.7 ||183.8
T os-00 awr 5.4 4.2 |B.7 3.7 {l2.5  |1.61 l.70

j Saske | zercn ph=== ——— —-—— - - - -
BLOW - BY 3 rmn inhah === e = - === =

H-8



ENGINE L
© PERFORMANCES
Part Load at 1800 RPM
8, | 70 60 | 50 40 75 15
"rRER 24.5 {l25.4 {{25.4 [ 25.6 {[25.9 || 26.2 |!25.9
B s0 aee | 1004.3 || 1004.3}| 1004.3 || 1004.3|| 1004 3]} 1004.3|| 1004.3
F | [ron [1800 | 1800 {{1800 |{ 1800 |[1800 |[ 1800 || 1800
SR n fmaun 525.2 || 435.0 [{371.8 |]309.3 |{251.1 || 152.9 {182.6 .
Bl | 95.0 |{81.2 {701 58.3 |147.3 |]38.8" |]115.6
8 [ome [onr 8.0 6.6 [15.7 (|47 “{|3.8 2.4 |]1.3
e st 1{209.0 |{217.4 |{212.9 {1220.8 {{227.1 || 286.5 ||356.9-"
JFUEL | ac b 68.0 |157.9 ||48.0 ||42.4 {|35.2 |{|27.0 {{18.4
an | 20.7 |117.6 [l1a.6 {y12.9 {|10.7 I{s.2 I]5.6
Yo Ll 112.7 {{111.4 1}109.1 |} 107.2 |[105.8 1] 103.3 |102.1
o e e 3.8 4.0 a1 - a2 la.3 4.5 Ha.6-
W e i 89.9 |{90.6 I{o1.1 |[91.7 {[o2.1 |{92.5 |[92.7
1EE ! 9.6 {196.4 |lo6.3 |{96.3 |{96.2 ||95.9 ||95.5
o]« 24.5 ||25.4 |l2s.4 ll25.6 H2s.9 l26.2 |l25.9
it }15.2 4.9 4.8 4.8 1{4.7 |la.5  |la.4
S TR N ——- —- —ue ——— — -
£
TP 60 .47 38 .30 .23 .13 .09
1230 IS — ——- ——— —— ——— _——— ——
p2-pY ntar L
n |« 492.5 |{443.3 {[403.6 |{367.8 ||{331.6 ||262.4 ||210.6
g 0 | ar .34 30 {27 25 |].22 18 .16
§ re | 436.3 1]397.3 [{365.8 |{332.7 [[302.1 |[238.9 |{104.8
LB (i B 9.2 7.6 ll6.4 4.7  {13.1 1.6 1l1.4
’JS-uo Besch —— ——— —— ——— ———— ——— ———
BLOW-BY |fn'/mn —— — — -— -—— — -

H-9




ENGINE o
PERFORMANCES
1 Part Load at 2000 RPM
. 8 | 70 60 50 40 75 15
Mg 1 | 27.6 if 22.5 |l22.6 || 22.8 {}22.9 || 23.1 | 23.4
ENT Fpo Tanr || 1004.3} 1004.3{| 1004.3]| 1004.3| 1004.3{| 1004.3 1004.3
L] t [ B P
E | n |ren 2000 2000 |{2000 |} 2000 || 2000 2000 || 2000
§ n {meun 511.2 || 404.2 {|354.8 ] 299.3 |{ 235.1 || 147.0}] 79.9
B | 107.0 || 84.6 {l74.3 |l 62.6 j|49.2 || 30.8 !l16.7
e 7.7 A6 |54 4.6 -||3.6 2.2 1.2
e srlore 212.3 || 221.8 {2220 || 225.2 |[250.6 || 322.6 || 332.6
fPUEL | oc ohe 67.2 || 55.6 ||48.8 || 41.7 ||36.4 || 28.7 ||16.6
aa | se 22.7 {{18.8 |l16.5 |j14.1 {123 9.7 Il5.6
Lo Ll 115.2 || 112.4 [111.2 |} 109.8 {1 107.9 |} 106.1 || 104.2
e | e 4.1 4.3 4.4 |45 |la.6 4.7 }{4.9
HERE: 1190.9 |l90.8 {fot1.a {[91.9 1[ez.3 ][ 92.5 |[o2.8
E e |l 7.2 |lo6.2 llos.4 1]96.3 |{95.2 ||95.8 {[95.7
SRR 27.6 {225 |l22.5 {228 Hez.9 {231 |l2s.s
oo-er | anar 6.1 5.7 5.6 5.5 5.4 1| 5.1 5.1 -
& : A'z o; ‘! ——— ——— ' ——— —— ——— ——— —_———
L
Elor | .70 .52 .45 37 || .28 18 || .12
27 ) ¢ —_ o '____ o _— e o
p2-pY| mda ”-..- -_— ——— ———— ———— —-—— -
o |« 488.3 || 425.5 |[398.3 |[370.4 |[330.0 |[269.2 |[218.1
S 83 | mar 42 .36 .34 .31 .28 .23 .20
§ e | ot 434.1 ||381.7 |[359.9 {[334.1 |{299.1 |[243.8 |[199.0
T [os-oo]mer 9.5 7.1 6.7 5.9 |}4.7 3.4 |l2.6
!S.dw Beseh l —— -—— - - -— ——— -
BOW-BY |ow'son --- --- - s - -—-= |-
H-10




ENGINE
, PERFORMANCES
~ Part Load at 2200 RPM _
. 85 70 & | 50 40 75 - 15
TNEREERL 28.1 |{25.6 |l26.1 ||26.6 |} 26.9 ||27.2 || 27.6
NT i
BT o0 Lane ! 1004.31{1004.3 11 1004.31]1004.3 || 1004.3| | 1004.3 ]| 1004.3
.g o |ren | 12200 |j2e00 {}2200 ||2200 2200 | {2200 2200
CE T e 1483.8 |[393.0 ||341.0 ||284.4 || 225.9 ||142.0 .|| 97.6 -
R _ . SR . _
Bl | 1.2 (0.5 Il78.6 |l6s.5 }]52.0 |132.7 |l22.5
'-‘g pme | nar 7.38 1i6.0 5.2 {la.4 3.5 2.1 1.5
W i1212.1 {]1218.8 || 224.7 ||232.4 {}246.5 {1298.3 |} 386.6
JFUEL | s b 63.5 |153.5 |l47.6 ||s0.9 |{34.4 [{26.1 (| 23.4
am | ne 23.6 (l19.8 {l17.7 |psi2 |l1es o7 (s
w ] e 115.7 [113.5 }{112.0 }[110.5 ][ 109.3 1{107.6 || 106.6 |
fon —

4 e o 114.5 4.6 4.7 lja.8 4.8 4.9 4.9
Wl Cifeo.2 ilr.o jfer.3 Yfe1.7 ([e2.2 jje2.3 ||92.8
1EE H ilos.1 1loe.2 !los.2 lo6.1 ~|l96.1 |los.e ||96.0

B 25.6 ||26.1 |l26.6 l|l6.6 1126.9 |[27.2 |l27.6 |

{0 | o 116.7 6.4 |[6.2 |60 5.9 {[5.7 5.7 -

& * "2 '-ﬂ ! ——— _——— ' -— ——— ——— ——— ——— |
;, 52 | sar .78 .60 .50 42 .34 .23 .18
F N B ——— —— —— o —— ——— _——
p2-pY At ! |___ —— ——— e ——— ——— ———

_ » ] 473.1 || 425.8 ||399.7 |B70.6 1[337.5 ||282.2 ||248.8
g 01 | o 53 46 142 |l.38 34 |l2g 27
§ re | e 418.9 |]379.2 {[359.1 {B33.7 {|{304.5 {jp54.8 ||224.9
T [os-00| wur 1.7 |lo.7 8.7 Ib.5 7.7 4 5.3

'!Sadu Boten l Jl_-_ ——— ——— L_- ——— { ——— —_——
BLOW-BY kniren —— S ———— - _——— ——— ——
3
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ENGINE

PEREORMANCES

Part Load at 2400 RPM

85, 70 60 | 50 40 75 15
g ]t 28.5 1| 28.8 11 29.0 || 28.6 - ] --- —--
ENT ! i
o tmow || {1 1000.6{| 1000.6;| 1000.6 | 1000.6{{1000.6 | | 1000.6}{ 1000.6
E n | ron 2400 |j 2400 || 2400 |j2400 ||2400 || 2400 {}|2400
| § n laa 482.5 | 396.4 || 339.8 | 276.5 |{--- ORI
I 1 121.2 11 100.1 ! 85.8 [169.5 |}--- N
'g pre | var 7.4 Hea |} 5.2 jja.2 ||--- S | e
fx rostlc | 217.3 || 223.1 || 228.6 ([ 239.6 |[--- - |-
FUEL | o hae 64.8 ||54.9 || 48.3 |]40.9 ||--- DU |
1
e [ 1 26.3 |122.3 | 19.6 }]16.6 ||---  1|--- l}---
Lo Ll 117.2 || 115.9 1 122 ]| 112.5 |[--- N
e [ a6 Heg lWas las (oo oo §---
A 911 o1z Hlots ({20 oo Hl-oc 1]
§ nope |l | 9.8 1196.4 1l 96.2 |{96.2 ||--- --- -
no| o« 1| 28.5 [f28.8 |[29.0 |[z8:6 1{--—-  |[--- }[---
0 <91 | mur 7.9 li7.4 7.2 7.0 |]--- R .
p'( i ) ? o . ——— _—— ——— —— —— ————
% .
Tlei|o .91 .72 60 49 ||--- S | g3
v;‘ “C 'L_.... R ———— ———— ——— _—— _—
p2-p7| mbar 3 e } e —_—— e e e o
v = 480.2 |} 440.6 || 407.8 ||374.4 ||--- U
S Rl Ml 67 11.58 53 1] .47 H--- i
g Pe | 420.7 11388.5 || 363.8 |1334.6 ||--- e ]---
LA At el § 16.7 |113.8 11.8 119.9 — --- —
Jsauuo Boscn i [P ean e . S B S —_—— .
BLOW - BY for'/an ——- ——- — - - . -
H-12




ENGINE

\_——

'PERFORMANCE

Part Load at 2600 RPM

_85 | 70 60 | 50 | 40 75 15
E] [ 28.7 1[28.9 || 28.4 |[28.6 |[28.5 || 28.7 | ---
wT { .
BT ] o Jane |1 1000.6 ]| 1000.5!| 1000.6 1| 1000.6]| 1000.6]| 1000.6| ---
£l | {2600 | 2600 {{2600 |l 2600 {{2600 || 2600 || 2600
1B o 486.5 || 397.1 ||342.0 |[283.5 |{228.5 || 133.7 || ---
R : _ .
Mo [ 134.4 {1 108.1 1{93.1 {|77.2 {le2.4 ||36.4 ||-—-
g ore | oar 7.4 6.1 5.2 4.3 ..|3.5 2.1 ---
1 basdean i216.2 {|227.3 |{230.3 1] 246.3 {{264.1 || 312.8 ||---
{FUEL [ ac 3, 66.2 ||56.0 |149.6 |{43.2 |[37.6 ||25.9 ||---
IR 29.1 |l24.6 [l21.8 {{19.0 {l16.5- !{11.4 !1-—-
IMEIE 119.7 {{117.4 H115.7 |} 115.0 |}113.7 ] 111.a |1
L e [ e 4.7 4.7 1ia.8 148 |la.9 5.0 o=
1 . .
Yl H90.7 1lo1.0 [lot.s o2 lez.a |}s2s ||
S EREE] H96.5 |{96.3 [[96.3 [|96.5 {[96.4 ~|[96.0 [{---
BERD iiea.7 |ks.o |izs.s |ks.s 1T28.5 |ks.7 |I--
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ENGINE

" PERFORMANCES

4 Part Load at 2800 RPM
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o PERFORMANCES
Part Load at 3000 RPM
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